JIMTEAHBIE JEDEKTDI
U CNOCObbI
HX YGTPAHEHHA

Eﬁ

M3DATENLCTBO ,MAWHKHOCTP OEHHUE"
Mocksa 1972



YIOK 621.747.58

3-12-3
370—70

Jintefinpie fedeXTH H CNOCoGBI MX YCTPAHEHHS.
A. B. Jlakegemonckuii, . C. Kpawma,
I.U. Mensenes u xap. M., «MamuHocTpoenue»,
1972, crp. -152.

Ha ocHOBe OTeYeCTBEHHOIO H 3apy6exXHOTO OnbiTa
H CcOGCTBEHHBIX HMCC/ENOBAHUH aBTOPOB B KHHIE ONHCAHBI
JauTeiinble fedekThl, BO3HMKAOmMe TNPH H3TOTOBJEHHH
OT/IHBOK H3 UYepHbIX CIJIAaBOB B MeCYAHO-TIHEHCTBIX
dopmax, H3JOXKeHH MNPHUMHBI HX BO3HMKHOBEHMsl H
crnocobul  o6HapyxeHHsA. JlaHHl NpakTHYECKHE DPeKOMeH-
alMH TIO crocof6aM NpefoTBpALleHHS! OCHOBHHIX Jleek-
ToB. KpaTKo onncaHel coBpeMeHHEIe CMOCOOH HCTIPaBJIeHHS
IedheKTOB OTJIHBOK.

PaccmaTpHBaembie JuTefiHble  JeQeKThl CHCTEMaTH-
3HPOBaHH HA OCHOBE CYLIECTBYIOUIHX KJacCHPHKATOPOB
feeKTOB OTJIMBOK M onbiTa aBTo3aBofa uM. M. A. Jluxa-
YeBa.

Kuura npejHasHayeHa JJisi HIHPOKOro Kpyra KBasu-
HUMPOBAHHBIX PaGOYHX-JuTeliliuKoB. MaTepHaibl KHH-
rH GyAyT MOJNe3HHl MacTepaM M TeXHOJOraM JIHTeHHBIX
nexoB. Ta6a. 24. Unn. 91. Bubn. 47 Hass.

ABToph

A. B, Jlakepemounckui, ®. C. Kpauwa,
9. U. Mensenes, A J llepman,
3. 0. Kusn

Peunensent Kaui Texn. Hayk B. Il Naaronos




BBEAEHHE

OnHofi M3 BaHBIX 3ajay JHTEHHOTO NMPOMU3BOACTBA SIBJAAETCH CO-
KpauleHne notepb ot 6paka. Pa6ora no npenoTrspawenuio Gpaka ot-
JIMBOK CHCTEMATHYECKH BE[eTCS B Kaxk1OM JuTefiHoM uexe. Ee conep-
XKaHHe 3aKJI0Yaercsl B BhisBJeHUH Opaka, aHa/u3e xapaktepa (kJjac-
cudHUKalKH) OOHAPYKEHHBIX JeheKTOB, ONpPENeNeHHH NPHYHH BO3HHK-
HOBEHMs! J€(EKTOB, Ha3HAUEHHH H BHIIOJHEHHH MeDPONpPUSITHI IO
npeaynpexaeHuio AedekTos.

15 npaBHJBLHOTO ONpee/leHHsl PHYHH ¥ BEIGOpa HampaBJeHHiH
B pa3paGoTKe METOJOB NPEAOTBPALIEHHS] H YCTPaHEHHs GpaKa BakHO
NPHMEHSITh €IUHYIO CHCTEMY KJaCCHQHKaUHHU NeheKTOB OT/IHBOK.

HwmeroTcss 1B OCHOBHBIE CHCTEMbl KJIaCCHOHKAUUH Je(EKTOB:

I) cucrema kJaaccudukaluuu 1eeKTOB O NPUYHHAM HX 06pasoBa-
HHA, 10 OGMHOCTH QH3NKO-XHMHUECKHUX SIBJICHHH, B pe3yJbTare KOTo-
PbIX BO3HHKaeT OedeKT OTJIHBKH;

2) cucrema KjaaccHQUKanuH JLe(EKTOB 1O HX BHEIIHEMY BHY,
¢opme, pacnoJIOKeHHI0O Ha OTJHBKE, pa3Mepam.

IlepBas cucrema GoJiee NpHToAHA AJ5 HayuyHBIX LeJeld, TaK Kak
B Hell MOJIHee PACKPHIBAETCS CYIIHOCTD SIBJACHHS, YTO MO3BOJSET Jerye
ONpeaenuTh BO3MOXKHBIE NYTH MNpPEIOTBpauleHHst jAedektoB. Bropas
cucremMa GoJiee NPHUTOAHA JJs NPAKTHUYECKUX MeJed M MO3BOJSeT,
B GOJIbIUMHCTBE CJy4aeB, HAa OCHOBAaHHH XapaKTEPHBIX NpPH3HAKOB,
JIETKO TOANAIOUUXCS BHEIIHEMY OCMOTPY HJH H3MEPeHMIO, TOYHO
OnpejeNuTh Xapakrep AedeKTOB.

B xnure nedekThl OTIHBOK KJIaCCHOHUHMPOBAHBI IO BHEIIHHM MpPH-
3HakaM. [Tpu 3ToM Hcnosb3oBasiach HauGoJ1ee ONPaBAAHHAS MO CMBICAY
U NPUHATasS B TEXHHYECKOH JHTEPaType MOCJELHHX JIET TePMUHOJO-
THSI, YTO JOJIKHO CIOCOGCTBOBATb YETKOMY H €IMHOOGpasHOMY Ompe-
AeieHHI0 AepeKToB B JuTelHOM Uexe. Ha ocHoBaHHHM coBpeMeHHBIX
NpeicTaBaeHHH O MPoueccax, NPOUCXOAAMMKX NPH GOPMHPOBAHHH OT-
JIUBOK, OOBJCHEH MEXaHH3M 00pa30BaHHA M BLITEKAIOMIHE M3 HEro
OYyTH npeaynpexieHus AedeKToB, a TaKKe KOHKPETHblE, HCIOJb3ye-
Mbleé Ha IPAKTHKE TEXHOJOTHYECKHE METOAbl MPEeJOTBPAIIEHHS [€-
dekToB.

B xuure paccmMarpuBaioTcsl A€EeKTH OTJIHBOK M3 YyTyHa H CTaJH.
Onuako GO/MbUIMHCTBO MOJIOXKEHHH KHUIH MPHMEHHMO H IJIsi OTJHBOK
H3 LBETHLIX CIJ/aBOB.
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| NOBEPXHOCTHLIE REDEKTHI

1. NPHTAP

B npouecce 3anosHeHus GopMul pacniaBoM, 3aTBepAEBaHHA H OX-
Ja¥JeHHA OTJAMBKH NPOUCXOJHT IOBHIUIEHHE TeMNepaTyphl U H3Me-
HEeHHe COCTOSIHHA, COCTaBa M cBoicTB dopMoBouHOH cmecH. Ilpu sTom
KOMIIOHEHTHl ClIJlaBa B3aHMOXEHCTBYIOT C KOMIIOHEHTaMH MaTepHaJa
¢dopMul H aTMochepoii, BCTYNalOT B XHMHYECKHe PeaKlUH, ClJiaB Bhle-
JISieT H NOIJIOaeT ra3bl, OKAa3biBaeT CHJIOBOE BO3JefCTBHE Ha CTEHKH
dopMbl  (pasMBIBa€T, CIKHMAaeT 3JeMEHTH (OpMEI), IIPOHHKaeT
B nopul GOpMH M T. 1. B pesaysbraTe yKa3aHHEIX IPOLECCOB B OT-
JHBKax o6pasyloTcsl AedeKThbl, YXYALIAOWHEe KauecTBO MOBEPXHOCTH
OTJIHBOK.

IMpurapom HaswBalOT CJOH Ha NOBEPXHOCTH OTJIHBKH, COCTOSIIHH
H3 ONJIaBHMBIIHXCSI 4YacTHL (POPMOBOYHLIX MaT€pHAaJOB, NPONHTAHHBIX
OCHOBHRIM CIIJIaBOM, OKHCJaMH €r0 KOMIIOHEHTOB H NPOAYKTaMH HX
B3aHMOJCHCTBHS C COCTABJAIOMHMH (OPMOBOUHOH CMECH. 3TOT CJIOH
[IPOYHO yJepKHBaeTCs Ha INOBEPXHOCTH OTJHBKH (pHC. 1).

O6pasoBanue mnpurapa oOYCJOBJEHO IPOHHKHOBEHHEM CI1J1aBa
B Nopsl GOPME! 110X AefACTBHEM KAaNUJJISPHLIX CHJ H AaBJEeHUS MeTalla
Ha cTeHKH (opMrl. [IpoHHKHOBEHHE pacnjaBa B NOPHl GOPMBL ABJAAETCA
nepBoM crajiueil npouecca o6pa3oBaHus Npurapa, a BTOPOH ero cra-
JHeR sBJsETCH XHMHUECKOoe B3aHMOJEHCTBHE OKHCJIOB MeTagna, CO-
Jepxkaluxcsa B pacniaBe (OKHUC/IOB keJle3a H JIETHPYIOUHX 3JeMeH-
TOB), H OKHCJIOB, COIE[-“AIHXCs B GOPMOBOUHBIX MaTepHanax. XHMH-
yeCcKoe B3auMoJeficTBHe paclijiaBa U (OPMbl YCHJHBAET NMPOHHKHOBE-
HHE MeTa/Jja B NOpH! (pOPMEL.

[NporukHOBenue MeTasnna B mopbl GOpPMBI HaYHHAETCH 1ocje Mpo-
rpeBa yacTHL ()OPMOBOYHOH CMecH BHIIIE TEMIEepaTyphl Hauafda 3a-
TBEPACBaHUA cNiaBa. [103TOMy MOBHIIIEHHE TEMIEPaTYphl 3aJHBKH
H yBeJHYeHHe BpeMEHH KOHTAKTa C [BHXKYIIHMCH PacnaasoM (AJIH-
TeJIbHOCTH 3aJHBKH) CIOCOGCTBYIOT IporpeBy (GOpMbl H IPOHHKHOBE-
HHIO MeTaJll1a B nopul GopMel (pHC. 2, a, 6). Hao6opor, no6aBka B ¢op-
MOBOUYHYIO cMechb GoJlee TelJIONpPOBOJHBLIX MaTepHalOB (XpOMOMAarHe-
3MTa, XPOMHCTOIO KeJNe3HsiKa) YCKOPsieT OXJ/IaXK/IeHHE OTJIHBKH H 06-
pa3oBaHHE Ha ee MOBEPXHOCTH TBEpPAOH KODOYKH, YTO yMeHbIIaeT
BO3MOXHOCTb NPOHHKHOBEHHA paciiaBa B ¢opMy. Taxk Kak mpoHHK-
HOBEHHe paclaBa B NOpbl GOPMbI IPOHCXOMHUT N0/ AeHCTBHEM KalHJI-
JSPHBIX CHJl H CHJI CTATHYECKOTO [aBJICHHS, IPHMEHEHHE MAaTEePHAJIOB,
IJIOXO CMauyMBaeMbIX PacllJaBOM, H CHHXKEHHE JaBJIEHHA pacijiasa
YMEHbILIAIOT NpHrap.
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HaBnaenne, NpH KOTOPOM HAUHHAETCS MPOHHKHOBEHHE MeTalJa
B nopbl (OpMbl, HA3KIBAIOT KPHTHYECKHM. BeaHunHa KpuTHUECKOrO
IaBJEHHSI 3aBHCHT OT MaTepHasJa (OpPMbl (TOYHEE, OT ero CMauuBae-
MOCTH pacCnJaBOM), 3ePHOBOTO COCTaBa (POPMOBOUHON CMeCH H CTEleHH
ee YNJOTHEHHS, BIHAIONIHX Ha pa3Mepsl mop B dopme (tabur. 1).

Tabauya 1

Kputnueckue pasaenus (8 xI'/cu?)
B Pa3JHYHBIX rasoBbIX cpejfax
NpH NPOHHKHOBEHHH CTaAH B o6pasibl,
Harperste 1o 1600° C

OcHoBHO#R A Bopo-| Bos-
MaTepHaJ CMeCH PIoB | pon | myx

Uupkou . . . .| 0,44(0,37 (0,20
Metanayprude-
ckuit marmeaur | 0,42 (0,40 | —

X pomomarHesur 0,38 (0,34 | 0,28
Keapy . . .. .| 034(0,28] 0,23 Puc. 1, Ornveka ruaesn  nuamegpos

¢ npurapom

YBenuueHHe 3€PHHCTOCTH CMECH NPHUBOJHUT K YBEJHYEHHIO pasMepa
nop M CTeneHH NPOHHKHOBeHHs pacnaaBa. IIpH BeicokoM meperpese
cnyiaBa BCJIE[CTBHE CEKaHHSI MEJKHX 3€PeH BO3MOXKHO 06pasoBaHHe
HOBLIX, Goslee KpyHHbIX mop. B 3ToM ciyyae npoHHKHOBeHHe cnjiaBa
Iaxke B MEJKO3EPHHCTYIO CMEChb 3HauuTesJbHoe (pHuc. 3).
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Puc. 2. Bansnue teMnepaTypul 3a7MBKH (@) H Bpe-
MEHH CONPHKOCHOBEHHS XHAKOH CTajH NMPH TeMmepa-
type 1600°C (6) Ha TrayGHHY NPOHHKHOBEHHS
B nopbl GopMHI:
! — dopma H3 KBapuesoro necxa; 2—dopma H3 XxpoMoMar-
He3uTa, 3 — GopMa H3 XPOMHCTOIO XeJie3HsAKa

Kak 6bi10 yKa3aHO, NMPOHHKHOBEHHE pacl/iaBa B nophl (GOpMb
COMPOBOXKAAETCS NPOLECCAMH XHMHYECKOTO B3aMMOJEHCTBHS KOMIIO-
HEHTOB CI1/1aBa, a TaKXe OKHCJ/IOB TMOCJAENHHX, U (OPMOBOYHOM CMeCH.
A Tak Kak NpPOAYKTH B3aHMOJEACTBHS YJYYIIAIOT CMAaYHBAEMOCTb
MOBEPXHOCTH IOP pacnJaBoM H HMEIOT TeMnepaTypy IJaB/eHHus,
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Gosee HU3KYIO, 4eM (HOPMOBOUHEIN MaTepHas, YCHIHBaeTCs NPOHHK-
HOBEHHME MeTaJ/ljla B NOPbl (HOPMEL.

lNponukmuit B Gopmy cnjap HauMHaeT HHTEHCHBHO OKHCJSATHCS.
OGpasoBaBiHecss OKHCIbI Keje3a aKTHBHO B3aHMOAEHCTBYIOT C CO-
CTaBJAAIOWMMH (OPMOBOUHOH CMecH, H 00pa3yloTCsl JIETKOIJIaBKHE
coepuHenHsa. OHM XOpOLIO CMauHBAaIOT 3€PHA NeCKa H OCHOBHOM CIIJIAB.
[Mox neficTBUEM META/JIOCTATHYECKOTO HAMOPa W KANHJJIAPHBIX CHII
XKHUIKHE JIETKOIJIaBKHE COEJHHEHHs H PaclJaB BHEIPSIOTCS B riy6b
¢opMbr IO Mepe ee mporpesa, CKpellIsisi 3epHa necka H o6pas3ys cJok
TPYAHOYAAJHMOr0 Ipurapa. XHMHUECKOe B3aUMOAEHCTBHE CIJaBa
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Temnepamypa sanubnu
Puc. 3. Bausaunue remnepa- Puc. 4. CrpoeHue KOHTaKTHOH
TYPH 3a/IUBKH H 3€PHOBOro 30HHI:
cocTaBa (OPMOBOUHOM CMe- { —OTAMBKA M CIJaB NPOHHKUIM
CH Ha l‘JIyGHHy IIPOHHKHO- B TOpPHl HJH TPEUHHB (GOpMH;
BeHUs CcTaJJy: 2 — mophI; 8 — HOBOOGpaSOBaHKﬁ;
4 — BHAOHM3MEHEHHHEIE 3epHa me-
1 —Meakuit necox; 2--Kpyn- CKa; 5-—ManoH3MeHeHHHe 3epHa
HB Tecok necka

¢ GopMOH MOXKET NMPOJOJKATbCA H MOCJE €r0 3aTBEpAEBAHHS BILIOThH
Jo temneparyp 600—800° C.

[Ton neficTBMeM BHICOKOHl TeMmepaTyphl H3MEHSIIOTCA CBOHCTBa
KBapUEBOro IM€CKA M TVIHHbl B MOBEDPXHOCTHBIX CJI0OAX (OPMBHI, Mpo-
HCXOHHT HMX CNeKaHHe H omJasjenne. OnHOBpeMeHHO Ha6.OfaeTCs
XHUMHYECKOe B3aHMOJEHCTBHE OKHCJIOB MeTaJjJa H (POPMOBOUHOIO Ma-
TepHaJsa, NPUBOAsALIEE K BOSHHKHOBEHHIO HOBBIX MHHEPaJoB H o6pa-
30BaHMIO B (popMe 30HBI, Ha3bIBaeMOH KOHTAKTHOH (puc. 4). B o6mem
clydyae sTa 30Ha COCTOMT H3 Tpex c/oeB. B mepBoM cioe rayGunod
no 10—20 mm HaGMONAIOTCS NPOKHJIKH TPOHHKIETO B (opMy
cnsiasa /, pactpeckaBIIHeCs 3epHA NMecKa 4, JIETKONIABKHE MPOLYKTHI
XHMHYECKHX peakuui (HoBooGpa3oBaHHs) 3, mophl 2. 3aMeTHO yacTHu-
Hoe crekaHHe GopMOBOYHOH cMecH. Bo Bropom cjoe, o6riyHO Gosee
CBETJIOM, 3aMETHBI pacTPeCcKaBIIHecs W OMJIaBHBIIHECH 3epHa Iecka 4,
OTAEJIbHBIE 0o4ary HoBooOpasosanuil 8. [1y6una cjosa pocruraer 15—
30 mm, a npu JHTHE OUEHb KPYNMHBIX OTAMBOK 50—60 mm. B Tpernem
C/0e 3epHa 1ecka & NMOYTH He M3MEHSIOTCS, NPOHCXOAHUT OIJIABJEHHE
JIHIIb OTAE/NbHBIX M3 HHX, a TaKxke JIErKONJIABKHX YacTHIL, NPHCYT-
CTBYIOIIMX B (JOPMOBOYHOH CMECH.
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O6mas penuyHHa KOHTAKTHOH 30HBI H COOTHOLIEHHE Pa3MEPOB OT-
JeJbHBIX €€ CJ0eB 3aBUCAT OT TEMIepPaTyphl 3a/HBAEMOTO CHJABa
H (pU3NKO-XUMHUECKHX CBOHACTB (POPMOBOUHBIX cMeceii. Hanpuwmep,
BCJIC/ICTBHE YMEHBIICHHS WHTEHCHBHOCTH B3aHMONEHCTBHS MeXKIYy
OKHCJIaMH METaJlJla M COCTaBJSIOUIMMHE CMeceii Ha OCHOBE XPOMOMAarHe-
3UTa U XPOMHCTOTO KEJIE3HsIKA NPUTdPHBIE KOPKH NOJyYaeMbIX B HUX
CTaJIbHBIX OTJIHBOK CPABHHTEJBHO MaJbl U JIEFKO OTAGJAIOTCH.

[Mpurap xapakTepH3yeTcss MPOYHBIM CIENJEHHEM 3epeH GopMOBOY-
HOil cmecH Mexay Cco00H M ¢ MeTasioM. MexaHHYecKHH mnpurap —
3TO OXBaThbIBAHHE 3€peH CMecH
NPOHHKIIAM pacraaBoM (pHc. 5).
Ilpounoe cuennenne XHMHUECKOTO
NpHrapa ¢ oTJHBKOH oObsAcCHsETCS
HaJMuueM INPOCNOHKH coejHHe-
HUH, 06/1aJa0MHX XOPOILIHM cle-
NJIeHHeM ¢ MeTaJJIoM H 4YacTHua-
MH CMeCH.

Cuna cuenJeHus mnpurapa ¢
OTJIMBKOH NpPH KOMHATHOH TeMmIe-
patype ompejesasieTcsi COOTHOILIE-
HHEM BeJIHYHH CYIIECTBYIOIUIEro
MEKAY HHMH CUEMJIEHHS H HalpH-
JKeHHH Ha TrpaHHUe CIJIaB—NpH-
rap. Hanps:xkeHuss Ha rpaHune
CMJIaB—IPHTap BO3HHKAIOT BCJe-
CTBHE pa3HUUB KOIpPHUHEHTOB Puc. 5. Muxpoctpykrypa HOpHrapHoro
JIMHEHHOTO pacUIMpEHHUs 3THX Ma- G101 UYTyHHOH OTJIHBKH
tepuanoB. Ecau 3T Hanpsixkenus
NPEBLICAT CHJB! CBA3H, TO MPHTAP MOXKET JIETKO OTAEJIMTBCH. JIerko-
OT/ETHMbIM CUHTAeTCs] MPUrap, KOTOPHIH B BHIE KOPOUKH JIETKO OT-
JeJasieTcs OT OTJIHMBKH.

O6biyHO XHMHYECKHE NpHIrap NPOYHO YAepKHBaeTcsi Ha noBsepx-
HOCTH OTJMBKH. OQHAKO ec/H B cOCTaB (JODMOBOYHOH CMeCH BBECTH
CHJIbHEI€ OKHC/IUTE/H, HalpUMep MapraHUEBYIO HJIH JKEJNe3HYIO pYAy,
TO Ha TpaHHIle pa3jiesia IpUrapa 4 OTIUBKH 06pas3yercs OTHOCHTENbHO
TOJICTBIA CJIO MAJIONPOYHEIX OKHCJIOB. B pesy.brare cBssh npurapa
C OTJIMBKOH Oc/JaGHET W ero Jierko ynaaautb. CJIOH OKHCJIOB AOJKEH
HMETb ONpeJeJIEHHYIO TOJIIHHY, HHAYe He NMPOH3OHIET JIETKOro OTjie-
Jenus npurapa. Hanpumep, npH DpHMeHEHHMH NecYaHO-KHIKOCTe-
KOJILHOH CMeCH TOJIIHHA CJOSI OKHCJIOB I OOecCledyeHus] JErkKoro
yAaJeHHA INpurapa JOJKHa ObiTh He MmeHee 100 mxm.

Cnocolbt npepoTspawenus npurapa. s npegoTspaimenns mexa-
HHYECKOTO NPOHHKHOBEHHsS pacm/iaBa B NOPH (GOPMBI HEOGXOLHMO,
4TOOBI AaBJleHHE pacijaBa ObUIO MeHbLIE KDHTHYECKOTO M TeMImepa-
Typa Ha noBepXHOCTH (opMbl Oblla HHKE TeMmmepartypnl 3aTBepje-
BaHUA CNJaBa.

YckopeHHoe 06pa3oBaHHe HA NOBEPXHOCTH OT/IHBKH 3aTBepieB-
wed KOPOUKM, MNPENOTBPAILAIOLUIEH MEXaHHYeCKOe NPOHMKHOBEHHe
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MeTasja B nopsl (OPMBI, IOCTHTaeTcA HCNOJb30BaHHEM OG/IHUOBOY-
HBIX CMecell C MOBBILIEHHOH OXJaXKAaloueH (TenJoakKyMyJHpyiole#)
crioco6HocTbio. HHiKe mnpuBemeHa TensioakKkKyMmyJupyomast crnoco6e
HOCTb HEKOTODBHIX CMeceH [J/s CTaJbHOro JIHThbA:

. & & = ®
2] & & 9 = ]
-] B 3N 2] -} a
SE o8 g = g w5 E 8 §
CMmechb a2 R aS 2s s oK )
5% | %3 | §9 | xga | 2= 2
g5 | 85x| %8 | 82 | a3 g
£e [E=8| ak |@&x | XE =
TennoakkyMyaupyiomas  cnocoG-
HOCTh B KK@a/(M®-4-2pad) . . .|20—25|30—35[28—30] 32—34 |40—55| 50

3ameHa B (OpMOBOYHBLIX CMecCsiX KBaplEBOro mecKa XpoMoMarse-
3HTOM HJH LUMPKOHOM T3KOTO JKe 3epHOBOTO COCTaBa, HO HUMEIOLIMMH
GoJlee BRICOKYIO OXJaXJAOMYI0 COCOGHOCTb, YMEHBIIaeT MeXaHHYe-
CKHfi TmpHrap H CHHXaer rJayGHHY NPOHHKHOBEHHf pacljaBa NpH-
MEpPHO BJABOe.

Tlpn orauBKe jerTanefi H3 cheunHaJbHbIX CcTajeli HJAH B 0coGo

TAXKEJ/HX YCJIOBHAX AJA NPENOTBpALCHHA IIPHrapa HCnoJb3yiOoT crne-
IHaJAbHEIE XOJOXHJBHHKH H

wfers?
TOAT T pas3Ju4yHbIe OXJIaxKAaoUHE yCT-

§ i poiicTBa.

A
S 16 TR YMeHblIeHHE BEJHUHHEI IOP
S T B (OpPMOBOYHOH CMeCH IHpH
< 12
o ’ NpUMEHEHHH MeJKO3epHHCTHIX
gﬂ,ﬂ P [ECKOB HJH CPEeXHE3ePHHCTHIX
3 ol mecKoB ¢ J00aBKOH MeJKHX
ES7 ¢dpakuui, a Takxke NpU yBe-
o0 JIUYEHUH CTeNeHH YIJIOTHeHHSA

5 Jo 45 60% o
Codepmanue mapuanume (OPMOBOYHOH CMeCH MOBHIUIAET
KpHTHYECKOe  JiaBjJeHHe H

Puc. 6. Msmenenue KpHTHUECKOTO faBJeHHs  yMeHblUAeT [VYGHHY MPOHHK-
(3 -

Cuenmemeu IopieTocT GopU TPUSBE  openin pacnaasa B nop

_ tdopmur  (puc. 6). TloBhimeHune

JaBJeHUs IIPeccoBaHHsA [0

10 xI'/cm* npu ynaorHerun ¢opMbl Haubosee 3hPeKTHBHO st CHH-

JKeHHS TPOHHKHOBEHHs MeTasna; JaJibHefillee MOBHIIECHHE IaBJEHHS

NPECCOBaHUS YKE HE BLI3bIBAET 3aMETHOTO YMEHbLIEHHA [J1yOHHBI
NPOHHKHOBEHHSl MeTaJllla.

BausHue ynJjorHeHusi Hau6oJiee CyIeCTBEHHO PH HCIO/Ib30BaHUH

KPpYNDHO3CPHHCTOTO MeECKa.
HPOHHKHOBCHHC pacnaaBa yMEHbLIAETCS NPH CHHXKCHHH METaJJo0-

CTaTHYECKOTO JaBJEHHs pacr/iaBa Ha cTeHKH (opmel. CxopocTh 3a-
JHUBKH AOJKHa ObITb MaKCHMaJbHOH, a TeMlepaTypa pacnjaBa MH-

HMMAJbHO JONYCTHMOH.
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Jlaisi nmpenoTBpAIUEHHs MJM CHHXKEHHS WHTEHCHBHOCTH XHMHYe-
CKOli CTaguH 06pa3oBaHHsl NPHrapa CJaelyeT Npexae BCEro yMeHb-
U1aTh OKHCJEHHOCTb pacnjapa. Jl/1si yMEHbLIEHHS OKHCJEHHOCTH 10
nonajaHKs pacijaBa B NoJoCTb GOPMbl H B NpOLECCe 3aJUBKH CJe-
1yeT TIATEJbHO €r0 DaCKHCIATh, YMEHbIIATh KOHTaKT paciilapa
¢ arMocepoil, BBOAHTb B COCTAaB (POPMOBOYHBIX CMeCell ClelHalbHble
opranuueckne 106aBKH, CIIOCOGCTBYIOUIME CO3/IaHHIO B (popMe BOCCTa-
HOBHTeJbHOH atMocdeprl, H T. A. BoccraHoBHTe/bHas armocdepa
B Qopme OJIKHA CO3]aBaThCsi C MOMEHTA MONAjJaHHA B Hee MepBhIX
NopuHi Pacn/aBIeHHOTO MeTa/lJa ¥ COXPaHAThCSA 0 OKOHYaHHA Mpo-
uecca B3auMOLeHcTBMA OKHCJIOB Merasia M ¢opmbl. [loGaBku He
JOJIKHBEI 3aTrpA3HATb arMocdepy UeXa, OCTaBJSITb B CMECH BpelHbIe
NpUMECH, 3aTPyAHATb €e MPHIOTOBJIEHHE.

B kauecTBe N06aBOK HauGoJjiee pacnpocTpaHeHbl YIVIM Mapok [
(rasosbiit) u YK (kHpHBI#A). CTeneHb NOMOJIA YIJifi CJelyeT yMEHbLIATh
C yBeJHYeHHEM CPelHell ToJMHB OTIHBKH. HezmocrarkoM kameHHO-
YrOJIbHOH NBUIH fBJSIETCS 3HAYHTENbHOE CONEpXKAaHHEe Cephl H 30JIbL.
BMecTo yras B cMechb MOMHO BBOAHTH Pa3JIHYHbie NE€KH, GHTYMbI,
a Takxke Ma3yT. HauGosee akTMBHBIE H GHICTPOJEACTBYIOLIHE BOCCTaA-
HOBHTEJH — 3TO KaJbLMH, MarHuif, aJ/JqIOMHHHH, KpeMHHH, THTaH
M pYrue, HAHOCHMble Ha NMOBEPXHOCTb (HOPMBI.

OCHOBHBIM CIOCO60OM NpPEAYNPEXNEHHS MNpHrapa, OCOOEHHO Ha
KPYNHbLIX OT/IMBKAaX, SBJIfAETCH HAHECEHHE HA NOBEPXHOCTb (OPMHI
CHeNHaJbHBIX NPOTHBONPHTAPHBIX MOKPHITHA — JIMTEHHBIX KPaCoK
M 1acT Ha OCHOBE OTHEYNOPHBIX MaTepHasoB. [lokpmiTHs co3paioT
Ha NMOBEPXHOCTH (HOPMbI MJIOTHYIO, MPOYHYIO H OTHEYNOPHYIO KOPKY,
NpEensTCTBYIOYI0 NPOHHKHOBEHHIO XKHJIKOTO pacijiaBa B CTeHKH
dopmel. [IpoTHBONpHrapHOe AEHCTBHE KPACOK HA OCHOBe MaTepHaJsoB
C BBICOKOH TeIJIOAKKYMYJHpYIollel crocoGHOCTbIO 06bsicHsAeTca 06-
pasoBaHHeM HMH IUIOTHOTO Gapbepa, MPerNATCTBYIOWEro NPOHHKHOBE-
HMIO pacmJaBa. B KauecTBe OIHEYNOPHOTO MarepHana B KpackKax
HCTIOMB3YIOT aMOPGHHIA M KPHCTaJVIHYECKHA TpauT, LUHPKOH, Map-
IAJUT, KOPYHA H JAD.

L[1pKOHOBbIE NOKPHITHS HOPM IPUMEHSIOT LJIs1 CJIOKHBIX OTJIHBOK,
K 4HCTOTe MOBEPXHOCTH KOTOPHIX MPEAbSBJIAIOTCA MOBHILEHHbIE Tpe-
6oBauus. EcAH 178 TOHKOCTEHHBIX OTJIHBOK JOCTATOYHA TOJIIMHA
LMPKOHOBOrO MOKPHITHA 0,1 MM, TO A5 TONYYEHHS YHCTOH NOBEPX-
HOCTH TOJICTOCTEHHBIX OTJHBOK CJOH KPAaCKH HOJIXKEH COCTaBJATb He
menee 0,5 mum. Xopomue pe3yabTaTbl IPH H3rOTOBJEHHH YYTYyHHBIX
H CTaJbHBIX OTJHBOK OGECHEUHBAIOT KPAaCKM Ha OCHOBE KOPYHAA.

Cpsasylomue MatepHabl, NpHMeHsfeMble B KpacKax, AeJATCH Ha
TPH KaTErOpHH: KPAaXMaJHCTHIE, Mac/sHblE, HEOpPraHHYecKHe.

SdpeKTHBHBIM CPEJCTBOM MPEJIOTBPAIICHHS NpUTapa CTaJbHHIX
OTJIMBOK, He HMEIOIHX KPYIHBIX TENJIOBbIX Y3JI0B, SIBJSAIOTCS NPOTHBO-
npurapHbie nactsl. B kauecrBe OCHOBBI IPOTHBONPHMApHBEIX MAacT HC-
NOMBL3YIOT XPOMOMATHE3HT, METaTyprHueCKHi MAarHesHT, XpPOMH-
CTHIll KeJe3HSK, NHUPKOH. IlacTy HaHOCAT Ha CJerKa yBJaXHEHHYIO
noBepxHOCTh (JOPMbl CJIOEM TOMWLMHOA 1,5—4 mm W paspaBHHBAIOT
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CMOUYEHHOHX B BOAE KHCTbiO. BricTymaomue yram dopmbl, a Takxke
HauGoJiee nporpesaeMele ee MecTa, B YACTHOCTH IIPHJIETAIOUHE K JIUT-
HHKOBOH CHCTeMe, MOKPHIBAIOT GoJiee TOJNCTHIM CJI0EM HacThl. B Teue-
HHE HECKOJIbKMX 4acoB (OpMEI, MOKPHITbIE NAaCTOH, BHIAEPIKHBAIOT
Ha BO3ZyXe (KNIPOBAMMBAIOT»), 3aTeM CyLIAT MO PEXKHMAM, [PHHSTHIM
AJf NECYaHO-TMIMHUCTBIX (opM. HauanbHas TeMmepartypa meun He
Ronxua npeseimath 100° C, a ckopocts HarpeBa 50—70° B yac. Ecau
BO BPEMS CYLIKH IPOHCXOJHT MECTHOE OTC/aHBaHHe MaCThl, TO AeeKT-
HOE MECTO cJ/lerka CMayMBalOT BOAOH M MOKPHIBAIOT I1ACTOH MOBTOPHO.

It uMpKOHOBBIX MacT cozep:KaHHe NpHMecell B UHPKOHE Orpa-
HHYuBalOT 5—7%. BoJbluee copepaHue npuMecedl CHHXKaeT OrHe-
YIOPHOCTb M yBesIHYHBaeT npurap. IlacTel Ha ocHoBe xpomomarwe-
8HTa M XPOMHCTOTO XKEJIe3HAKAa PEKOMEHJAYETcsi MCIOJb30BaTh s
OT/IHBOK CPeAHHX (A0 5 m) ¥ KPYNHLIX (CBHILIE 5 711), KOTOpBIE B OOBIY-
HBIX YCJIOBHAIX NOJYYalOTCA C NpPHUTapoM.

Onuu u3 nmyTeil moNy4yeHUs: YMCTOH MOBEPXHOCTH OTJHBOK — HC-
KYCCTBEHHOE CO3JaHHe Ha NOBEPXHOCTH (GOpMBI BA3KOH MJIEHKH, Mpe-
NATCTBYIOLEH IPOHHKHOBEHHIO KHC/IOPOAAa M 3aKpPHIBAIOmEH MOpH
CMeCH. JTO JOCTHraeTcsi BBeeHHeM B (OPMOBOUHYIO cMech 0,2—2%
BeulecTs, 06pa3yiomHX ¢ Hell MPH HAarPEBaHHH BfA3KHE JIEIKOMJABKHE
miaku. K TakuM 106aBKaM OTHOCSATCA IIEJ0Ub, XKHAKOE CTEKNO, MOX-
MBVIEHHHIA UIEJIOK, anmaTHToBasi pyaa u Ap. CmecH ¢ 5TuMH 106aB-
KaMH MOXHO [PHMEHSITh MHOTO-
KparTHo.

2. CKNALYATOCTD

Ha noBepxHOCTH uyryHHBIX
OTJIMBOK 4acTo HaGJiopaercs Je-
dekr, mnpeAcTaBaAsOWUE  coboli
0ecnopsilo4HO  PaCMOJIOKEHHbIE
«CMODIIEHHBIE» YYaCTKH U yruy6-
JeHus ¢ 6ecpOpMEHHBIMH KpasiMH
(puc. 7). Cknagkn H yraybaenns
A0 HX OKOHYAaTeJbHOH OUHMCTKH
3anoJHEHb MaTepHAJ/IOM YEepHOro

Puc. 7. CxknanguaTocts Ha [OBEPXHOCTH UBETa, 1O BHELIHEMY BHLy Haro-

OTIMBKH HAXHMHOTO AHCKa rpysosoro MHHAIOWMM rpadut. HamnGonee

ABTOMOGH.IS 4acTo INoAoOHble JedeKkThl oGpa-

3YIOTCA OKOJIO IUTaTe el OTIHBOK

THIIA THJAb3 ILHUJHHAPOB, JHCKOB

CLENJIeHHs, TOPMO3HBIX GapaaHOB, KOPNMYyCcOB MacJSHOrO (HJLTPa,

KOJIJIEKTOPOB H T. A. [lomumo YXYALLCHHsA KayeCTBa IOBEPXHOCTH

CK/JIaA4aTOCTh DE3KO CHHUXKAET THApPABJHYECKYIO IIJIOTHOCTb OTJIHBOK.

BosHHKHOBEHHIO paccMaTpHBaeMOro AedeKTa cocoGCTBYET MOJOTHIH

yroab, ao6asiseMblii B GOPMOBOUHYIO CMECh AJIS YJIYYLIEHHS YHCTOTHI
NOBEPXHOCTH OTJIHBOK.
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Vrau Bcex THNOB B mpolecce nporpesa ¢opMmbl paciiiasoMm Ges
JoCTyna BO3AyXa HempephlBHO pasJaraworca. Ilpu stom obpasyiorcs
Gosiee MpPOCTbIE MO COCTABY H CTPOEHHIO ra3oo0pasHble, KHAKHE H
TBepbe nPoayKTel. TemmepaTypa Haua/ja HHTEHCHBHOTO Pa3JIOKEHHS
yras Koaebnercs B mpepenax 280—380° C. Bhllesnenne cMOJMCTBHIX
BEIeCTB 3aKaHYMBAETCA 10 JNOCTHXKEHHH Temmepatypel 500—550° C,
OMHAKO BbIfe/JeHHE Ta30B NPOJOJKAETCH U HNpH 00Jee BLICOKHX TEM-
nepatypax.

I'azoBas arMocdepa B nopax ¢OpMHI 4 Ha TpaHHIE pasfiesa MeTa I —
(opMa MOXKET COjiepXKaTh 3HAUMTENbHOE KOJHYECTBO YIJIEBOAOPOIOB.
Hanpumep, coctap rasosoil armocephl Ha rpaHHle MeTaMI—dopMa
NpH 3a]MBKe yyryHa c remnepatypoii 1350° C B dopmy, conepxautyio
7% yras ¢ 20% Jseryunx, caenyomuii: 58,9% H,; 2,2% N,;
1,9% O,; 12,4% CO; 15,3% CH,; 0,4% C,Hg; 0,2% C4Hg; 5,6% CO,.

[pu BBICOKHX TeMmmepaTypax B (opme B mpoluecce 3ajJHBKH BO3-
MO3KEH MpOLEeCcC Da3soKeHHs (NMPOJaH3) yriaesojopopoB. Tak, B pe-
ayJabTarte pasioxerus merana (CH,) npu remneparypax soime 700—
800° C o6pasyeTcs yrJaepoi H BOJOpPOA:

CH4,eas = Cmc + 2H2. 2a3°

AHaJOrHyHO pasJjaralTcsi H APYTHe YIJIeBOJOPOH.

Yraepoz, o6pasyomuiica B IPOLECCE BLICOKOTEMIIEpaTyPHOTO pas-
JIOKEHHUS JEeTYYHX NPOLYKTOB KOKCOBAHHS, HAa3bIBAIOT BTOPHYHLIM HJIH
6secTaimuM. DBJecTAIMA yIaepoJ 10 CPABHEHHIO C CaXKeH HMEET HH3-
KYIO TOpIOYYyI0 CIOCOGHOCTb Ha BO3AyX€e M BHICOKYIO TOYKY BOCHJIA-
MeHeHHst. OH NPOYHO CIENJseTcs C APYTHMH HHEPTHLIMH BEILECT-
BaMH.

Buectsimuil yriaepo noKpuiBaeT TOHKHM C/I0€M KBaplLEBble 3epHa
BOJH3H TpaHHLB pa3jiela H MOXET 0cellaTb Ha IIOBEPXHOCTH 3amoJ-
Hslouero gopMmy pacnJjasa.

YBenunuenue rAHHB B GOPMOBOYHBIX CMECSIX, a TaK¥Ke MOBHILICHHE
MJIOTHOCTH HaGHBKH (OpM BeyT K CHHXEHHIO a30lpOHHIAEMOCTH
CMeCH, YTO NPENsTCTBYeT OTBOAY MPOAYKTOB Da3JIOKEHHS OpraHHYe-
CKHX BelecTB H3 GopMbl. B pe3yJibrate KOIHYeCTBO 6JIECTAIIErO YIJIe-
polla Ha IMOBEPXHOCTH MeTajljla YBEJHYHBAETCH.

Buecrsamuii yraepon 6sarogaps MJIOX0H CMayHMBaeMOCTH NpensT-
CTByeT IPOHHKHOBEHHIO MeTa/Ja M 00pas3oBaHui0 mpurapa. OjnHako
NpH H3OBITKE YIS HJH APYTHX YIVIEPOAHCTHIX 106ABOK B CMECH KOJH-
YeCTBO NPOAYKTOB KOKCOBAHHMA yBEJHYHBaeTcs H OJecTAuui yriaepox
BBIZIE/ISIETCS] B GOJTBLIMX KOJHYECTBAX HA MOBEPXHOCTH 3aIOJHSAIOWETO
¢dopMy pacmiaBa, CKalJIMBAaeTCs y INEPOXOBATOCTEH (OPMHI, TAE €ro
MJIEHKH CMHHAIOTCA IIOTOKOM MeTa/uia u JedopMmupytorcs. [Ipu Gbl-
CTPOM 3amoJHeHHH (OpPMBEl MeTaJ/ioM 00pasoBaBIIHECS CKOIJIEHHS
yrieposia He yCIeBaloT paccpeJOTOYHTBCA H Ha NMOBEPXHOCTH OTIHBKH
BO3HHKAET CKJAag4arocTb. CHJ/IbHBIE NMOTOKH KHJKOTO METaJJa MOTYT
NPHBECTH K MEXaHHYECKOMY PasPYLIEHHIO NJIEHOK OJecTsIiero yrie-
pola H BOBJeUYEHHIO HX BHYTPb. IIpH focTaToyHO GRHICTPOM OXJaxKie-
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HMM pacn/iaBa B (opMe NJIEHKH yIVIepoAa He YCIeBalOT BCHJIBITH
H HapymaioT repMeTHYHOCTb OTJIMBKH (pHC. 8).

Cnoco6nl  npefoTBpauleHHS  CKAAAYAaTOCTH. [IpepotBpamenne
CKJIaJ9aTOCTH CBA3AHO C NpeaynpexaeHHeM o6pa3oBaHHA GJecTALIEro
YrJa€pola H €ro KOHTakTa ¢ pacniaBoM. IIpH u3bbiToyHOM KoJIMuecTBe
yras, N€Ka WM HHBIX OPraHHYECKMX A00ABOK yBeJHYHBaeTcs 06pa-
30BaHHe OJIECTAILETO yryiepoaa H
BO3HHKA€T CKJaj4actocTh, IIO-
3TOMy ofllee copepKaHHE STHX
MaTepHaJIOB B cOCTaBe (OPpMOBOY-
HBIX CMeCell He JOJ/IKHO IpeBH-
warb 5—6% (ta6a. 2).

s npenoTBpaienus ckaaj-
4aToCTH HEOGXOAMMO MHTEHCH(DH-
UHPOBaTb OTBOJ Tra3006pasHhIX
NPOAYKTOB H3 MNOJOCTH (YOPMEI,
AJA 4ero cjelyeT moBHILATL Ta-
30IDOHHLIAEMOCTb  (POPMOBOYHOM
CMECH H yJyYluaTh BEHTHJALHIO
¢opm. TloBeimenne TemnepaTyphi
3aJHBAEMOTO MeTa/ljla H yMEHb-
LWIeHHe JJIHTEJBHOCTH 3aJHBKH
CHHXKAeT BEPOSATHOCTb 06Gpa3oBa-
Puc. 8. Mukpoctpykrypa orameku B Me- HHS GJIECTSIIErO yraepozaa. Onua-
CTe, IOPAXKEHHOM CKJaA4aTOCThIO, yBe- KO 3TO HE€ BCE€rja BO3MOXKHO. no_

auwienne 100 BhILICHHE TEMIepaTyphl MeTaJJa
CIOCOOCTBYET HE TOJbKO GoJee
HHTEHCHBHOMY 06Pa30BaHHIO GMIECTAIEro yI/iepoja, HO H ero OKHCJe-
Huo. Ilpu rtemmeparypax 1500—1550° C oGpasyiomuiicss yraepon
MOMEHTAJIbHO OKHC/IAETCs, He 00pasys IJIEHKH Ha MOBEPXHOCTH Me-
TaJaa. TakuMm 06pa3oM, 3HAYHTE/NLHOE MOBHILIEHHE TeMNepaTypsl 3a-
JIMBAEMOr0 MeTa/lla yMEHBIUAET BEpPOSTHOCTb CKJAANYaTOCTH Ha IO-
BEPXHOCTH OTAHBKH. Hanpumep, npu sanuBke' cTannm nopoGHme je-
¢exTar He abpasyiorcs.

Tabauya 2
Koanuectso Gaecramero yraepoaa,
BHACIAIOWErocs H3 PasAHYHbLIX (POPMOBOYHMX M CTEPKHEBHX CMeced

Baectsimuh yraepox s %
Coaepxanue
Ma HaJla
Marepraa H3 MarTe- B'(l)::m?)(i)ip};?l;l (n;gg““)
puana CTepKHEBOH B cocrape
cMecH cMecH B %
Hpesecnast myka . . . . ., . . . . 3 0,03 1
Kamenunoyrosbuas nuap . . . . , . 10 0,4 4
I'panyauposannuit nek . . . . . . 40 0,4 1
HHTETHYECKast yroJbHas A06aBka 16 0,4 2,5
Pypano-popManbaeruiuas cMoaa 2 0,04 2
MoueBHHO-PopMaNLAErHAHAS CMONA 12 0,24 2
Hoamcrapon ™ . . . . . .. . . 58 — —
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3. YXHMHHDI

Brictpbiii Harpes paGoueil MOJOCTH GOPMBI MOXET BbI3BaThb 06pa-
30BaHHE Ha NMOBEPXHOCTH OTJIHBOK 1e(EKTOB, HA3LIBAEMBIX YMKHMH-
HamH. Yame Bcero oHH NMpEeACTaBJSIOT cOGOH yToMleHHe Ha MOBEpX-
HOCTH OTJIHBKH, TIOA KOTODHIM
HaxOJHTCsl NOJOCTb, 3aroJiHeH-
Hasd ¢OpPMOBOYHBLIM MaTEPHA/IOM
(puc.9). B 3aBHCHMOCTH OT yCJO
BHI1 06pa30BaHHs YKHMHHBI MOTY'T
HUMeTh BHJ HErJyOOKHX BbITH-
HYTBIX KaHaBOK HJH  BOAJMH
(puc. 10), TOHKHX TIJIOCKHX, He-
npaBuAbHOR (OPMBI  HApOCTOB,
CONPOBOXKJAIIUXCA 3IHAYHUTEND-
HBIMH II€CUaHBIMH BKJIOYEHHSIMH.
HMuorga 06pa3yiorcst YKMMMHHL,
B KOTOPBIX OTCYTCTBYET IIPOCJIOM-
Ka (OPMOBOUHOH CMECH, YAAJHTb
UX BecbMa TpyiaHo (pHc. 11).

B mpotliecce 3aJHBKH NOBEpX-
HOCTHbIE CJIOM (OPMBI OLICTPO BBI-
CHIXAIOT, @ HCHapALAacs U3 HUX  Puc. 9. Yxumusa na nosepxsoct# oT
BJlara nepeMeniaeTcsl B MeHee mpo- JIRBKY H3 CEpOro uyryHa
rpetsie cJoH (GOpMBI, IJle KOHIEH-
cupyercsi, o6pa3ysi MaJONPOYHYIO 30HY CO 3HAYHTE/NIBHO MOBHIIIEH-
HOM (IO CPABHEHHIO C TNEPBOHAYaJIbHOM) BJIaXKHOCTBIO M Temrepa-
typoit okono 100° C. CymecTBeHHOH OCOGEHHOCTBIO 3TOH 30HBI

o e -

S EEETY T

Puc. 10. YxumuHa — 60po3/ia Ha IOBEPXHOCTH OTJIMBKH H3 CEporo
4yrysa

fIBJISIETCA PE3KO Bhlpa)KeHHasi TPaHMIA. YCJOBHO 3Ty 30HY NPHUHATO
Ha3bIBATh 30HOH KOHJAeHcaluH BJaarH. C yBeJMYeHHEM [AJIHTENbHOCTH
BO3JIeHCTBHA TEMNJa XKHIKOrO METa/lJla 30Ha KOHIEHCAUHH YAaJsaeTcs
OT NOBEPXHOCTH B IM1yOb (pOPMBI, a TEMIEpPAaTypa NOBEPXHOCTH (OPMb
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M pacCTosiHMe OT Hee 10 30HBl KOHAEHCAlMH BJarH GHICTPO BO3-
pacramwr.

DOpMOBOUHLIE CMECH NpH HarpeBe pacUIMpsIOTCH. Kpome roro,
opu Temneparype 573° C H3MeHsIeTCA KPHCTA/IMYECKOE CTPOEHHE
KBapIEBOro MecKa, CONpPOBOXKAAIOMEECS JONOJHHTENbHBIM YBeJHye-
HHeM o6beMa. Paciumpenne GOPMOBOYHBIX M CTEDIKHEBBIX CMeced npH
HX Harpepe pacllJIaBJEHHbIM MeTaJjJIOM CONPOBOXKAAETCS JHHeHHBIMH
H 00beMHBIMH H3MEHEHHSIMH.

B HavaspHeIE nepHOx mpo-
rpeBa MOBEPXHOCTHBIX CJI0€B (op-
MBI BCJIEACTBHE TelJIOBOTO PACILH-
pPeHHs 3epHa NeCKa CTpeMsiTcs
BBIIABHTbL DasjensiiolilHe HX CBfl-
sywomue B nophl dopmel. Kpome
TOTO, OPTaHHYECKHE CBSI3YIOUIHE
BLITOPAIOT, OCBOOOXKAAA MexK3e-
peHHBle mpocJoiki. B sTom ne-
pHOJe BHEIHUE pa3Mephi pabouel
NoJIOCTH OPMBI LIPAKTHYECKH He
yBeJHYHBaloTCsA. B nocaenyiomuii
[IepHOJ, HarpeBa NMOBEPXHOCTHEIE
CJI0H (GOpMBI (MM CTEepiKHS) pac-
wpsiorcss. CBOGOZHOMY paciIH-
PEeHHIO 3THX cJoeB GOpMBI Mpe-
OATCTBYIOT  COCEIHHE  YYacTKH
(opMbI, H B TOBEPXHOCTHON KOPKe
BO3HHKAIOT CXKHMMAIOIIHE TeMIIepa-
TypHble HanpskeHusi. BeauuuHa
TEMIEPATYPHBIX HaNpsKEHHH Xa-
paKTepH3yeTCs Harpyskol, KoTo
Puc. 11. Yxnwuna — nnema ua no- PYI0 HEOOGXONHMO NPHJIOKHTD A8

BEPXHOCTH OTIHMBKH IIPEOJI0/IEHHs1 paclIHpeHHst 06pas-
ua (opMOBOYHOH HJIH CTEPKHEBOM
CMECH H COXPAaHEHHsl €r0 Haya/JbHOH BBICOTHI NP HaTpese.

Tlon peficTBHEM 3THX HANpPSIKEHHH BO3MOMKHO OTCIOEHHE H paspy-
lneHIle NOBEPXHOCTHOH KOPKH (JOPMB! BAOJb 30HH KOHACHCALMH BJATH,
B pesysabrate nepsoHayasibHas reomMeTpHsi NOJOCTH (OPMBI HCKa-
XKaercsl. 3anonHsomui GopMy MeTasT BOCIPOH3BOAMT Bee Hapyuie-
HHS! I€JIOCTHOCTH (POPMbI, YTO IPHBOAHT K BO3SHHKHOBEHHIO Ha MTOBEPX-
1OCTH OTJIHBKH Je()eKTOB, Ha3biBAeMBIX YXKUMHHaMH (pHc. 12).

XapaKTep OTCJIOEHHS NOBEDPXHOCTH (JOPMbI 3aBHCHT OT €€ TeoMeT-
puu. Ecin BepxHAA mJIOCKOCTb MOJNOCTH (OPMBI IIafKasi, 6e3 yray6-
JeHHA U mnasoB (puc. 13, 6), To cBOGOAHOE pacIIMpeHHE KOPKH MO
AJnHe HeBo3MOXHO. Torza na6mofaercsi 3aTPyAHEHHOE YMKHMHHO-
oGpasoBanue. [Tog neficTBHEM TenJa pacn/IaB/JIeHHOTO METa/laa B topme
BOSHHKA€T 30Ha KOHAeHcauuu BJaarH. JleiicTByiomue B mpoiecce 3a-
JHBKH (DOPMBI B IOBEPXHOCTHOH KODKE HANPSKEHHS HENpPepHBHO
H3MEHAIOTCA H B ONPEAeJEHHBIH MOMEHT JOCTHIAalOT KPHTHYECKOM
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peanunnbl. [IpH HanpsiKeHHsX, PABHBIX KPHTHUYECKHM, IIOCKast popma
KOpKH eme coxpansercs (o3 /). Ecay HampsiKeHUS MPEBLICAT KpH-
THUeCKOe 3HAYEHHE, TO NOBEPXHOCTHAs KODKa HayHET NpOrubarbcs
(no3. I]), MPHOBEHHO OTpbIBaeTCsl OT HanGoJee cs1a6oro mecra dhopMB! —
30HblI KOHJeHcaluy Baary (nos. I11) u moxer paspymutbes (103. V).
A6co/moTHaA BeJHYMHA Nporn6a KOPKH HEBEJIHKa, H B MOMEHT OT-
CJIOGHHS 3aMETHOrO BHINYUMBaHMs He Haluiofaercs.
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Puc. 12. Cxema 06pa3oBaHHS pPasJHYHBIX BHJOB YXKHMHH

[Tpu GblcTpoM 3aNOJHEHHH (opMBEI H BLICOKOM MeTaJjJocTaTHye-
CKOM JABJEHHH OTC/JOMBIIASICH KOPKa MOXKeT ObITb IpHIKATa HA CBOE
npexHee MecTo H JedpeKTa OTIHMBKH MOXKET BOOOILIE HE BO3HUKHYTD.
[To Mepe yBeJHYeHHs JJIHTENbHOCTH 3aJHBKU ¢opMbl H, caenoBa-
TEJBHO, YBEJHUEHHs! JJIHTEJbHOCTH TeIIOBOTO H3JIYYEHHs pacn/iaBa
Ha ee MOBEPXHOCTb, TOJIIHHA BBICYIICHHOH KODOYKH BO3pacrael
O/(HOBpEMEHHO BO3PacTaloT H JeACTBYIOLIMe B Hell CKUMalolue YCcH-
JIMsl, YTO NMPHUBOJHT K PE3KOMY YBEJIUYEHHIO nporu6oB IOBepXHOCT-
HOM KOpKH. BcuaeicTBHe YBEJIHYEHHs JIMHEHHBIX pa3MepoB MOBEpX-
HOCTHOH KOPKH NpH Harpese NPH HEJOCTaTOYHOM JAaBJEHHH KHIKOTO
MeTa/sia OHa He OyJeT NMOJHOCTBIO MpHXKAaTa K CBOEMY MeCTy, H Ha
IOBEDXHOCTH OTJIHMBKH 00pasyercs 6opo3fa, COOTBETCTBYIOWIAs IO
KOH(HTIypalyH BBITYKJIOH KOpKe (puc. 12). Ecan nepea okoHYaHHEM
3aMoJIHEHHs IPOTHYBLIASICSl KOPKa JAacT TPElUluHy B HauGosiee pacTs-
HYTEIX Hapy»KHBIX CJ0fX, TO PAaci/aB NPOHHKAET B o6paszoBaBiuHecs
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wenn. [Ipu 5ToM B 3aBHCHMOCTH OT CKOPOCTH 3aNOJHEHHS TAKOH thopMel
H CBOACTB POPMOBOUHOM cMecH 06pasyloTcs IIPOCEYKH UJH COGCTBEHHO
YXRKHMHHH (pHc. 12).

Ipn Mennennom sanoauennn ¢dopMbl B HH3KUX (PH3HKO-MEXaHU-
YECKHX CBOACTBaX (POPMOBOYHOH CMECH OTCJAOMBIIASICS U NOTpecKas-
IIascs KOpoYKa MOJHOCTBIO OTPEIBAETCSI OT OCHOBHONH MacChl ¢$opMBI.
[lnaBaromue na mosepxnocr pacnjiaBa KyCcOYKH KOPKH MOTYT GbIThb
YaCTHYHO MPHKATHI K ¢MOTOJKY» (GOPMBI H NEPEHECEHH OTOKOM pac-
[laBa B Hepa3pylweHHHe ee yactTH. [Ipy 3TOM B OT/IMBKax Hapsany
€ YXKHMHHAaMH-IVIEHAMH OOGLIYHO HAGJIONAIOTCS [ecYaHble BKJIOUCHHS.
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Puc. 13. CxeMn MexaHusMa orciioenus TI0BE€PXHOCTHOIO
cnost GopMmmu:

@ = DIPH HesaTPYAHEHHOM YXXHMHHOOGDa3ORaHHH; 6 — NPH sa-
TPYRHEHHOM \ XHMHHOOOPa3oRaHHH

[Ipu 3atpynneHHOM yXHMHHOOGPA30BAHHH CKAOHHOCTD tdopmut K 06-
Pa30BaHHIO HA OTIMBKAaX yXHMHH Ompefensercs KpurepheM F,, Ko-
TOPHIA 0JIKEH ObITh MEHbIIEe eRHHHILI. 3HAYCHHE 5TOrO KDHTEpHs TeM
MEHbllle, YeM Go/iblleé K MOMEHTY OKOHYAHHS 3a/JHBKH dopMel TOJI-
[UMHA H MOAyJb yNPYrOCTH NOBEPXHOCTHOM BLICYLIEHHOH KOPKH H
IpOYHOCTb 30HBI KOHACHCAIIHH BJIATH HA Pa3phIB; KpuTepHit F, Bo3-
pacraer pH yBEJHYEHHH TeMNEPATYPHBIX HANPSIKEHHH B MOBEPXHOCT-
HBIX C0osiX (hopMbl.

Ha nosepxnocTh GoJbmMHCTBA peasibHBIX OTJIHMBOK HMEIOTCS HpH-
JIMBHI, NJIAaTHKH, pe6pa, a Ha pa6ouell MOJOCTH ¢$hopMBEl — cooTBer-
CTBEHHO pas/IHYHbE yrayG/enus. B stom cayuae Habaionaercs nesa-
TPYAHEHHOE yXHMHHOOGpasoBanue (puc. 13, a), npu koropom Bo3-
HHKHOBEHHE DacCMaTpHBAaeMbIX AeEKTOB SHAUHTENbHO OGJEryaercs.
Tlox neficTBrem Temsa pacn/iaB/JeHHOTO MeTansa B ¢opme obpasyercs
SOHa KOHJEHCalHH BJark (nos. /). Beaencrsue Temneparyphoro pac-
WHMPEHHsS BLICYIICHHAA [MOBEPXHOCTHAas KODKAa CTPEMHTCS TNepeme-
CTHTbCS (CABHHYTbCS) B HANpPAaBJEHHH HAHMEHBIIETO CONIPOTHBJIEHHS,
T. €. B CTOpOHy GaHxafimero yrayGaenust B dopme (mo3. /7). 3ona
KOH/ICHCAlHH NPENSATCTBYET TAKOMY IMEPEMEINEHHIO, B CBSI3H C 4YeM
B CyXOH KODKE BO3HHKAIOT CXKHMAIOIHe, 2 B 30HE KOHJEHCAIHH —
KacareabHble HanpsAxeHHs . [IpOUHOCTD 30HBI KOHAEHCALHH IPH CABUIe
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HeBe/HKa, 6/1arojaps uemy nepeMelleHHe N0BepXHOCTHOMN KODKH BO3-
MOXHO JlaXke NPH CPABHUTEJbHO HEGOJBLIMX YCH/IMAX.

ITepememense (pacmupenye) NOBEPXHOCTHOTO CJIOS (opMbL BHI3HI-
BaeT JeopMalHi0 CMEXHOH ¢ HHM 30HBI KOHIEHCALHH BJIATH H ee
paspymeHue Ha rpaHHle ¢ KOpKoi. B pesyiabrate cnstommocrs ¢op-
MOBOYHOH cMecH B (hOpMe Hapyuiaercs, MEXAY NOBEepXHOCTHOMH Kop-
KOH M 30HOH KOHJEHCauMH o6pasyioTcs Lieau (mos. 711). 3anon-
HAIOWHKH POPMY pACHJIaB NPOHHKAET B 3TH WUEJH, H HAa OT/HBKAx 06-
HapyXHUBAIOTCA yXHMHHEI B BH/€ TOHKHX NPHJIHBOB, OTHEJNEHHbIX OT
OTJIHBKH HeOOJIbIUMMH NPOCJOMKAMH (GOPMOBOYHON CMecH. ST npu-
JIUBBEl PACIIOJIOKEHB NMEPNEeHAHKYNSIPHO K IIaTHKaM M GOGBILKaM.
Eciu nepemerenne KopkH BIOMb 30HBI KOHIEHCAIMH BJIATH NPEBBLICHT
NpEAeJbHYIO BeNUYHHY, MPH KOTOPOR MacwTtab OTpbiBa KOpKH ewge
HEBEHK, TO OHA MOJHOCTHIO OTAGNHTCS OT 30HEI KOHACHCALUH, npo-
BUCHET M oTopBeTcsi. Pacnuias, 3anogHHUBIIHE o6pa3oBaBieecs mao-
€KOe YriyGaenue B noocti GOpMsl, 06pasyer Ha OTIHBKe YXUMHHY-
njaeny (puc. 12). TlonoGHble y:KMMHHBI Beerga CONPOBOXKAAIOTCS
B OTJIHBKE NECYAHLIMH BKJIOUEHHSIMH.

IIpu HesaTpynHeHHOM yXKUMHHOOGPA30BAHHH CKJIOHHOCTE dhopmbl
K 06pa3soBaHHI0 HAa OTJHBKAX YXHUMHH OIpefeJsieTcs Kputuem F,,
KOTODBIH J0J/KeH GbITh MEHblUE eMHHIBLI. 3HAaYeHHe 3TOro KpHTepHU3
TEM MEeHblIE, YeM MeHblle Ko3pPHUUHEeHT JUHeHHOro pacuupenus dgop-
MOBOYHOH CM€CH, CPelHsIsi TeMIleparypa, TOJUIMHA M MOAyJb ympy-
TOCTH BBHICYIIEHHOH MOBEPXHOCTHOH KOPKH (JOPMBI M YeM Bhime npoy-
HOCTb 30HbLI KOHJICHCAIHH BJArd NpPU CABHIE U NpPEAENbHO JONYCTH-
Moe IepemeleHHe BbICYIIEHHOH KODKH (IIPH KOTOPOM He NPOHCXOAUT
€€ OTpLIB).

YXuMHHBI (T1aBHBIM 06pasoM GOPO3Ab) HAa HHKHEH NOBEPXHOCTH
OTJIHBOK 00pasyloTcsi Mo 06EHM PacCMOTDEHHBIM cXemaw. INonagaio-
lHe nepsBeiMH B (JOPMY CTPYyH MeTalla IPOrpeBaioT Jexalue noj
HUMH y4acTKH (opMbl. O6pasoBaBIUHECS NPH 3TOM BBICYIIEHHLIE U
HauboJiee Nporpersie KOPKH (GOPMbI BHIYYHBAIOTCH B MecTax, He mno-
KDPHITHIX MetasoM. Ha mpexuee mMecto oHu He MOT'YT GBITh yJIOXKeHb!
pacnyiaBom BcaeACTBHE yBeNM4EHHSI HX Pa3MepoB M3-3a paciuupenus
cMecH. B pesysbrate B OT/IHBKe 0GpasyloTcsi OTmEYaTKH (6opoaan),
COOTBETCTBYIOLHE BBICTYMAIOWHM KOHIAM KOPOK (pHc. 12). [TosTomy
GOpO3/Ibl OYEeHb YacTO BO3HHKAIOT BJOJb NYTH NEPBLIX NMOTOKOB Me-
Ta/la, B OCHOBHOM BOJIH3M nutareneii. Ecan BuinyunBmmecs KYCOUKH
CYXO# KOPKH CMBIBAIOTCS! IOTOKAMH MeTaJl/1a, Ha OTAHBKAX obpasyiorcs
IVIOCKHE HApOCThl, HasbiBaeMble yXKHMHHAMH-TIeHaMH. OGpasoBanne
TAKHX YXMMHH BCETa CONPOBOXKIAETCA MECYAHBIMH BKJIOYEHHSIMH
B OTJIHBKE.

Orc/ioeHue 1MOBEPXHOCTHBIX CJI0EB (HOPMBI IIPOUCXOAHUT yepes He-
KOTODBIH NPOMEXKYTOK BPEMEHH [10CJ/E Hayasa TerJIOBOro BO3JeACTBHA
KHAKOro Meras1a Ha ¢popmy. Tako# npomexyTok BpPEMEHH Ha3bLIBAIOT
KpuTHYeckuM. K 3ToMy MoMmeHTy yBesHuMBaowmuiics NPH 3aJIHBKe
KDHTepHI yXKHMHHOOOPA30BaHUS, ONPENE/SIOWHE CKJIOHHOCTD M0-
BEPXHOCTH (DOPMBI K OTCJOEHHIO M YYHTHIBAIOMHH H3MEHeHHe Tem-
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nepaTypHbIX HampsiKeHHH, NMPOYHOCTHBIX CBOMCTB CMeCH, TeMmepa-
TYpH KODKH, KO3(pHIMEHTa JIMHEAHOTO pacCIUMpPEHHsi, MPOYHOCTH
30Hbl KOHJEHCAIHH H T. A., PaBeH eJHHHLE, a 3aTeM HaUHHAET IPEBbI-
wath ee. II0CKOJIBKY C 3TOTO MOMEHTA BO3HHKAeT ONaCHOCTb 06paso-
BaHMsl HA OTJIMBKaxX YXHMHH, AJHTEJbHOCTb HX 3a/IUBKH HE NOJIKHA
6uTb Gosiblie KpHTHUecKOH. V3meHsis cBOACTBA (OPMOBOUHBIX CMe-
cell, HampuMep, yBeJHYHBAs NPOYHOCTb 30HBI KOHICHCAUMM BJATH
M YMeHbllasi TEeMIEpPaTypHbIE HaMpPSIXKCHHA, KPUTHYECKOE BpEM:
MOXKHO yBeJH4HTb (pucC. 14).

JnarpamMma, NpUBeJeHHas Ha pHuc. 14, pasjenena Ha ceMb noJsiet,
OTJIMYAIOIHXCH BPEMEHEM MNOABJEHHS] YXKHMUH NPH MCOBITAHHH pas-

0015 20 25 3040 >4Dcex JIMYHBIX (DOPMOBOYHBIX CMeceH, OTJH-

wlfr YaOmHUXCA KayeCTBOM H KOJUYECTBOM
GEeHTOHHTA, BJAXKHOCTBIO, (GOPMOH H

38 ' [ BEJMUHHOH 3epHa, HajauddeM H06aBOK
% | | / u crenenbio ynjorHenus. Ceapmoe noJe
§ 6 AHArpaMMbl COOTBETCTBYET CMECHAM, KPH-
N / / / THYeCKHH MPOMEXYTOK BPEMEHH KOTO-
£ 7/ puix 40 cex u Gosee. KpuBbie ¢ OlHHA-
£ / / / / / KOBLIM BpeMeHeM IOfIBJEHHsSI YXKHMHH
g M7 H3MEHSIOTCS O4YeHb PEe3KO, OCOOEHHO
S e B 06/1acTH MaJbX 3HaueHHH. 3Jrta 3aKo-
= 0 Qo1 Q07 Q03 GO4nlfers? HOMEPHOCTh 3aMeTHee MNpH HH3KHX
flpowrocms 30461 KOHOEHCE - [POYHOCTSIX 30HBI KOHACHCALMH BJlaru.
uuu bnacu Hanpumep, npu BpEMEHH INOSIBJEHHA

Puc. 14. 3aBucumocts kpurmue- YNHMHH 30 cex M HampsiKeHHSX
CKOro BpeMenH 06pasoBaHusl YXH- 5 x['/cm® mpefes IPOYHOCTH 30HBI KOH-
MR On TPUSKOCTR SOM KU pegcan | Baarn JonNen e
PaTyPHHX HanpsKeHHH 0,032 xl/cm?*, npu CHHIKEHHH TeMmIepa-
TypHBIX Hanpsikenult o 2 xl/cm®

Tpe6yeMulii npejie/l TPOYHOCTH 30HBI KOHJEHCAIHH BJAATH MOXKHO yMEHb-
uaTh 10 0,02 xI/cmM?, 4TO JacT CYIIECTBEHHYIO SKOHOMHIO GEHTOHHTA.
OnacHocTb 06pa3oBaHHs YXKHMHH YBEJIHYHBAETCS C IOBLILEHHEM
BJIAXXHOCTH (POPMOBOUHBIX CMeCeH. [IpH mNOCTOSAHHOM COJAEPKAHHH
B (OpMOBOUHOH cMecH GEHTOHMTA WJ/IH [VIHHBI MOBLILEHHE BJIAXKHOCTH
NPHBOAMT K BO3DACTAHMIO TEMIEPATYPHbIX HANPSKEHHH, KOTOpbIE
JOCTHTAIOT MAKCHMyMa TpH BeJHUHHE BJAXKHOCTH, NPHOIH3HTEJLHO
B 3 pa3a GoJbluell ONITHMAJbHOH. JanbHeiiee NOBLILEHHE BJIAXKHOCTH
CMECH TPAaKTHUECKH He BLI3HIBAET M3MEHeHHs Hanpsikenmi. IIpu mo-
CTOSHHON BJIaXKHOCTH CMECH C YBEJHUEHHeM COfepKaHHsi GeHTOHHTA
HanpsiXKeHHsl CHayajJa NOBHILAIOTCS, A 3aTeM, MPOXOAS Hepes Mak-
CHMyM, ymeHbawTcs. [Ipy NOCTOSAHHOM COOTHOLIEHHH B CMECH TVIHHbI
H BOJAbl C yBEJHUEHHEM COJlepXXaHHs TVIHHbEI TEMIEpaTypHble Hanps-
JKEHHS] HelpephBHO NOBbIAITCH. [JIHHB M GEHTOHHTHI PasIHYHBIX
MECTOPOXK/EHHH NPH OXMHAKOBOM HX COJEPXAHHH B CMeCH 0GyciIoB-
JHBAIOT Pa3JuyHbE TEMIEPAaTypHEIE HANPSXKEHHS M MPOYHOCTH 30HLI
KOHJEHCALMH BJard. [IpOYHOCTb 30HBI KOHJEHCAUMH BJArH (opMo-
BOYHBIX cMecefi, COAepKAlMX TJIHHY, MeHbllUe, 4eM CMecel, coaepxa-
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